Beginning population for the projection Census, survey or a population register 2. Time series of life expectancy at birth by sex Forms the basis for the projection of mortality trends Official national life tables or estimates by third parties 3. Times series of total fertility rates and fertility rates by age of mother Forms the basis for projecting fertility trends National vital registration of births, demographic surveys, third party estimates 4. Time series on net migration, total net amount and/or by age and sex Forms the basis for projecting migration trends Census/survey questions on migration, national population registers, immigration statistics, estimates based on censuses taken at two different dates
Base Data Required for a Projection
a. Base population. Population data by age and sex. Data may be by five year age group or by single years. Most projections are run by five year groups although some developed countries use data by single years. Every country now has a population census although not all are recent. Occasionally, population data from a national survey may be used. b. Fertility rates. Total fertility rates, along with corresponding age-specific fertility rates, usually by five year age groups, for a recent period are required. These may be obtained from complete national vital statistics systems, from demographic surveys, or an assumed or estimated distribution when information is lacking. c. Mortality rates or life tables appropriate for the level of mortality. Cohortcomponent projections, by definition, use age-sex survival rates derived from life tables to project each age-sex group forward from one projection period to another. National life tables for a recent period can be used to fix a level of mortality at the start of the projection. (Projection programs contain sets of life tables that are used when the projection is run.) d. Migration. Data or estimates on migration by age and sex are required as the third and final projection component if the country experiences significant migration.
Performing a Population Projection
a. Base Population.
The example of an age-sex distribution given below is for a hypothetical developing country.
Annex Census data often contain errors and irregularities in the reporting of age and sex as well as undercounts. Undercounts may have been measured by a post-enumeration survey which reinterviewed a sample of households in a more rigorous manner to determine how many persons might have been missed.
Exact knowledge of one's age is often lacking in developing countries, resulting in inaccurate reporting and "heaping" on round digits such as 0 or 5. In addition, some very young children may be omitted from the count or "aged" from age group 0-4 to the round number 5. The anomalies in the age-sex distribution in Annex Table 1 
Males Females
In the pyramid, one difficulty with the reported census data can be seen in the small size of the 0-4 population compared to 5-9. This is not possible in this example country as the birth rate remains rather high at over four children per woman.
An evaluation of the accuracy of age and sex reported can be made using a variety of methods. One commonly-used method is the United Nations Age-Sex Accuracy Index. This index makes the assumption that the true age distribution of the country is quite smooth, with gradual transitions in numbers from age group to age group. The user must keep in mind that unusual variations in age distributions may be real, due to such influences as wars, unusual fluctuations in the birth rate, or diseases with atypical age patterns of death, such as HIV/AIDS. In the example above, the UN index is 24, suggesting that age-sex reporting is somewhat inaccurate (values below 20 may indicate accurate reporting). Both for that reason and the clear age errors in the 0-4 group, the age-sex distribution of this population was smoothed using a standard method and the results are shown in Annex Table 1 As each age group moves through time, its numbers are naturally depleted by mortality. After infancy and early childhood, death rates are normally quite low but eventually rise sharply with advancing age. Age groups are projected by applying survival rates to each age group. In the sample life table below (Annex Table 2 ), the column Lx is the number of people who, on average, would be alive in a particular age group out of an initial 100,000 annual births. For example, the age group 10-14 would contain 492,124 people out of an original 500,000 births. Survival rates work as follows. Using the age group 50-54 as an example, the five year survival rate to the age group 55-59 would be 0.9448, or 94.48 percent surviving for that five year period. (note: 0.9448 = 357,459/378,337, i.e. the Lx values of age group 55-59 divided by Lx for 50-54). Each age group is carried forward by its own survival rates which become lower and lower with advancing age.
Some examples of "survived" age groups are shown in Annex 
c. Mortality: Projecting Life Expectancy at Birth
During the projection period, it is typically assumed that life expectancy will rise, absent the effects of such intervention as famines, epidemics, or wars. The major exception to this general assumption has been the appearance of HIV, which is discussed separately below. To project life expectancy at birth, one will usually select a target value for the end of the projection period which could, for example, be 90 for females and 85 for males. Since it has often been observed that annual increases in life expectancy diminish as higher values are reached, projected life expectancy will normally follow a curve, slowing as it reaches the upper value. The logistic curve is often used for this purpose. Annex Figure 3 The appearance of HIV/AIDS in the 1980s has added considerable complexity to population projections. Annex Figure 4 illustrates a normal death rate curve, i.e., one with no unusual age patterns of the death rate. Mortality in the first few years of life is usually higher than in the years that follow; death rates remain quite low in young adulthood; finally death rates begin rising at older ages. But HIV/AIDS has created a significant exception to this pattern in that mortality rises quickly in early adulthood and continues at a relatively high level until the 40s or 50s. As a result, the shape of the death rate curve is dramatically altered as in Annex Figure 5 . For that reason, entirely new life tables must be created based on available information on current levels of HIV prevalence and trends. National health ministries or departments specifically tasked with HIV estimation and prevention may be able to provide such estimates. For many countries, particularly in sub-Saharan Africa, excellent estimates of HIV prevalence are now available from the nationally representative sample data of the Demographic and Health Survey program.
Future HIV mortality will, of course, have to be taken into account in the projection so that additional new life tables will also have to be prepared, taking into account variables such as the duration of survival of HIV-positive people should treatment for the disease become more widespread. Excellent work has been conducted in the field of HIV estimation and projection by the United Nations Population Division, the U.S. Bureau of the Census, and UNAIDS. In addition to the projection of mortality, the projection of fertility rates is an obvious requirement in order to project the number of births, thereby filling in the 0-4 age group in each projection period. The number of births will primarily depend upon the level of fertility and, to a lesser degree, on the age pattern of fertility. Fertility for a particular year or period is usually expressed in terms of the total fertility rate (TFR), or the average number of children a woman would have if the rate of childbearing of a particular year were to remain constant. Fertility is usually projected in the same manner as mortality in that an ultimate value is selected and then past estimates of the TFR are used to project the TFR. Annex Figure 6 illustrates a projection of the TFR. The TFR is projected by a logistic curve, with fertility decline slowing as it approaches an assumed final value, 2.1 children per woman in this illustrative case. Projected births, required to produce the 0-4 age group in each projection period are calculated using age-specific births rates (ASFRs). For example, in Annex Table 4 , there are 274 births for every 1,000 women ages 20-24 so that 953,520 births would occur to the 3.48 million women in the age group. Age-specific rates may be available from completely registered vital statistics, demographic surveys, or estimated based upon assumed patterns. Finally, ASFRs may be projected with a variety of assumptions such as a decrease in birth rates at younger ages as the TFR declines and a shift of childbearing into older ages such as the late 20s or early 30s.
f. Projecting Migration
Migration is nearly always the most difficult component of any population projection. In many instances, the actual amount of recent migration is not well known and future migration trends can be very difficult to predict.
Several methods can be used in conjunction with one another to evaluate the level of migration when data are available. When complete data or estimates believed to be reliable on births and deaths are available, a simple balancing equation may be used to evaluate a possible level of net migration between two censuses. For example, using the example of a country with growth of 10 million between census ten years apart and 12 million births and 3 million deaths, total net migration for the period might be estimated as follows:
"Balancing Equation" Between Two Censuses Taken Ten Years Apart
Growth minus (Births minus Deaths) = Net Migration 10,000000 -(12,000,000 -3,000,000) = 1,000,000
